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Application/Control Number: 1 0/001 ,367 Page 2 

Art Unit: 1647 

DETAILED ACTION 

1 . This office action is in response to the amendments and remarks filed on 

1 1/27/06. Claims 1, 2, 9-1 1 and 13-30 were pending. Claims 9, 10 and 29 have been 
cancelled. Claims 31-33 have been added. Therefore, claims 1, 2, 11, 13-28 and 30-33 
are currently pending and are examined. The Office notes the incorrect claim inclusion 
in the previous Office Action. 

2. The text of those sections of Title 35, U. S. Code not included in this action 
can be found in a prior Office action. 

3. Any objection or rejection of record, which is not expressly repeated in this 
action, has been overcome by Applicant's response and withdrawn. 

4. The allowability of the claims 24-28 is withdrawn. 

5. The current status of claim 12 is not indicated in the claim listing. 

Claim Rejections - 35 USC § 102(b) maintained 

6. The rejection of claims 1, 11,and 14 under 35 USC § 102(b) as being 
anticipated over Antoniades et al. is maintained for reasons set forth in the Office 
Actions dated 8/24/04, 6/13/05 and 6/27/2006. 

Applicant has amended claim 1 to remove the concentration of less than 1x1 0~ 6 
M of IGF-1 limitation and added the homeopathic potencies of IGF-1. Applicant 
indicates that the composition of Antoniades et al. is directed to wound healing. 
Applicant argues that use of homeopathic potency of IGF-1 is not taught by Antoniades 
et al. Specifically, Applicant is arguing that there is no teaching or suggestion 
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whatsoever in Antoniades et al. that the compositions are prepared homeopathically to 
produce homeopathic potencies. It is argued that there is no description, either 
expressly or inherently, of homeopathic potencies, or of serial dilutions and serial 
successions. In addition, Applicant is arguing that no homeopathic nomenclature is 
used. Applicant's arguments have been fully considered but are not found to be 
persuasive because in the absence of a disclosure of a particular starting concentration 
of IGF-1 in claim 1 it is anticipated that the concentration disclosed by Antoniades et al. 
(IGF-1 of 500ng-1 jxg) is included in the instant invention, regardless of the method used 
to prepare IGF-1 composition of the instant invention (The various homeopathic 
potencies could potentially include the concentration of IGF-1 disclosed in the instant 
invention). In addition, arguments relating to method of making were previously 
addressed in the Office Action dated of 6/27/2006 (pages 3-5), which have not been 
responded to by the Applicant in the instant response. Therefore, the rejection of record 
is maintained. 

Claim Rejections • 35 USC § 112, first paragraph 
7. The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

7a.Claims 1 , 2, 1 1 , 13-28 and 30-33 are rejected under 35 U.S.C. 112, first 
paragraph, as failing to comply with the enablement requirement. The claim(s) contains 
subject matter, which was not described in the specification in such a way as to enable 
one skilled in the art to which it pertains, or with which it is most nearly connected, to 
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make and/or use the invention. Specifically, the specification does not reasonably 
provide enablement for a preparation comprising a homeopathic potency of purified 
IGF-1 suitable for oral administration. 

The test of enablement is not whether any experimentation is necessary, but 
whether, if experimentation is necessary, it is undue. See In re Wands, 858 F.2d at 737, 
8 USPQ2d at 1404 The factors to be considered when determining whether there is 
sufficient evidence to support a determination that a disclosure does not satisfy the 
enablement requirement and whether any necessary experimentation is "undue" 
include, but are not limited to: (1 ) the breadth of the claims; (2) the nature of the 
invention; (3) the state of the prior art; (4) the level of one of ordinary skill; (5) the level 
of predictability in the art; (6) the amount of direction provided by the inventor; (7) the 
existence of working examples; and (8) the quantity of experimentation needed to make 
or use the invention based on the content of the disclosure. 

Claims 1 , 2, 1 1 , 13-28 and 30-33 are drawn to a preparation comprising 
homeopathic potency of purified IGF-1 suitable for oral administration. Applicant is 
clearly contemplating using very dilute concentration of the purified protein (pages 7 and 
18). In the absence of a starting concentration of IGF-1, there is no guidance, which 
provide for the concentrations of the various homeopathic potencies contemplated for 
oral administration following the serial dilutions and serial successions. Although, 6X, 
6C, 15X, 12C, 30C, 100C, 200C and 1M (1000C) potencies are art accepted, neither 
specification nor prior art teaches the starting concentration of the purified IGF-1 used in 
the preparation. The specification as filed is insufficient to enable one skilled in the art to 
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practice the claimed invention without an undue amount of experimentation because 
there is no teaching to indicate the starting concentration of IGF-1 . The specification 
teaches (page 7) that homeopathic medicines are used at concentrations of micrograms 
(10" 6 M) and nanograms (10" 12 M). It also indicates that in other homeopathic 
preparations, the dilutions exceed avogadro's number 6.023 x10' 23 . However, there is 
no guidance to teach one of skilled in the art to dilute purified IGF-1 to obtain the 
homeopathic potency of the instant invention (starting from what concentration!). 
Specifically, it does not teach the starting concentration of IGF-1 , which is required to 
obtain the various homeopathic potencies of the instant invention. Further, given the 
physiological serum concentration of IGF-1 is 200ng/ml (Dunger et al. U.S. Patent No. 
5, 466, 670) it is unclear if administering a homeopathic potency of IGF-1 will have any 
clinical relevance. Specifically, the specification does not teach any methods or working 
examples that would indicate that a preparation comprising homeopathic potency of 
purified IGF-1 suitable for oral administration in any subject for treatment. 

In addition, regarding oral administration for treatment, variables such as 
biological stability, half-life or clearance from the blood are important parameters in 
achieving successful therapy. Further, there is no teaching in the specification that 
would indicate that a preparation comprising homeopathic potency of purified IGF-1 
suitable for oral administration would have any clinical effect upon the administration. In 
addition, one skilled in the art would not be able to predict the effects of the 
homeopathic potency of purified IGF-1 administered orally. The purified IGF-1 may not 
otherwise reach the target cell or tissue because of its inability to penetrate tissues or 
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cells where its activity is to be exerted, it may be absorbed by fluids, cells and tissues 
where it has no effect, circulation into the target area may be insufficient to carry the 
antagonist, and a large enough local concentration may not be established (see Pettit et 
al.,). The specification provides insufficient guidance with regard to these issues and 
provides no working examples or evidence, which would provide guidance to one skilled 
in the art to predict the efficacy of the claimed methods with a reasonable expectation of 
success. Thus, undue experimentation would be required of one skilled in the art at the 
time the invention was made to use a preparation comprising homeopathic potency of 
purified IGF-1 suitable for oral administration. 

Further, there is no teaching in the specification with respect to the various 
pathologies associated with the various physiological disorders relating to IGF-1 caused 
by various etiologies. The usefulness of the compositions contemplated in the claims is 
tied to the usefulness of the homeopathic potency of purified IGF-1 in treating various 
physiological disorders. In addition, the specification and the prior art have not disclosed 
a role for homeopathic potency of IGF-1 in the treatment of various physiological 
conditions. 

If one skilled in the art is not guided as to the pathology of the various 
physiological disorders treatable using purified IGF-1 , then the skilled artisan is also not 
guided as to how to use a preparation comprising homeopathic potency of purified IGF- 
1 suitable for oral administration. Since, there is inadequate guidance as to the nature of 
the invention, it is merely an invitation to the artisan to use the current invention as a 
starting point for further experimentation to try various conditions that maybe treated by 
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using homeopathic potencies of purified IGF-1. In addition, because there are no 
working examples provided describing the treatment of various physiological disorders, 
which use IGF-1 , it would require an undue amount of experimentation to one of ski" in 
the art to practice the claimed invention. 

In addition, there is no guidance provided for the mechanism associated with the 
various physiological that are treatable using homeopathic potency of IGF-1 recited !n 
the claims. While mechanism is not required, it can allow extrapolation of enablement to 
non-exemplified embodiments. Since applicant has not provided any working examples 
to teach the use of a preparation comprising homeopathic potency of purified IGF-1 
suitable for oral administration for treating a subject experiencing a physiological 
disorder either in vitro or in vivo, it would require an undue amount of experimentatif ,n to 
one of skill in the art to practice the invention as claimed. 

Given the breadth of claims 1 , 2, 1 1 , 13-28 and 30-33 in light of the 
unpredictability of the art as determined by the lack of working examples, the level of 
skill of the artisan, and the lack of guidance provided in the instant specification and the 
prior art of record, it would require undue experimentation for one of ordinary skill in the 
art to make and use the claimed invention. 



8. No claims are allowable. 
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Table 1. Some examples of site-specific dnig delivery 


Cfto targeted 


Comments 


Refs 


Route of administration 

Transdermal 
Pulmonary 
Mucous membranes 
Oral/uitestinal 


Assisted by iontophoresis or ultrasound 
LiQuid and drypowder aerosol delivery 
Aerosol-muan charge interacoons 
Small particles, protdn-camer complexes 


1.2 
3-5 
6.7 
8-12 


Systemic circulation 

Injection 


Prolong or sustain circulation 


13-19 


Specific tissues or organs 

Tumors 

Lungs 

Brain 

Intestines 

Eyes 

Uterine horns 

Bones 

Skin 


Neovascularization markers are targeted 

Aerosol, liposomal delivery 

Target the transfemn receptor 

Protect against proteolysis and acid hydrolysis 

Mucin charge interactions 

Form biodegradable gel in situ 

{^droxyapafte binds boru-promoting growth factor 

Methylcellulose gels 


20 

16,21,22 

23-25 

26 

27 

28 

29 

30 


Cellular/intracelhitar 
Macrophages 
Tumor cells 




31.32 
33.34 


Molecular targets 
Tumor antigens 
Fibrin/site o' clot formation 
Carbohydrate receptors 


Antibody-enzyme conjugates activate prodrugs 
Fusion proteins combine targeting with town 
Kose and galactose used to target receptors 


35 

36,37 
38.39 
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considerable research in this area". However, with the 
exception of cydosporin (a cyclic peptide comnng. f 
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Figure 1 

Site-specif* protein- and peptidedrug delivery is often * 
eng^eering molecular or macroscopic systems 
strode of adma^^ 

tide may be targeted to a site by taking advantage of such naturjrf 
physical characteristics as modular weight, net ,ofl«c charge and 
molecular specificity. Permeation enhancers are ***** * 
improve delivery through specific routes, (b) Encapsulajon o f£ 
teins and peptides into particles such as aerosols degradabte 
microspheres, liposomes or other matrices takes advamage of 
macroscopic^e effects for targeting tissues and \t* . On* 
carrying matrices may also be formed into sheets, tubes art other 
morphologies, (c) Modification ol proteins and peptides with syr> 
thefc polymers, such as polyethylene glycol), or natural powers 
suchaVpoysaccharides. may alter their physical chara^s and 
favor targeting to specific compartments, organs or otter bssues 
within the body, (d) The linkage of proteins and peptides to hormng 
moiecdesof molecular specificity provides a direct approach to tar- 
get unique sites, (e) Various combinations of polymers, particles and 
homing molecules have also been used to deliver protein and 
peptides specifically. 

protein pharmaceuticals include: (I) the poor intrinsic 
permeability across intestinal epithelium; (2) suscepti- 
bility to enzymatic anack; (3) rapid post-absorptive 
clearance; and (4) chemical instability. Despite *«e 
chaUcngcs. some interesting reports have suggested that 



the transport of peptides, and even larger proteins, may 
be feasible. . ..... 

One possible route of passage across the intestinal lin- 
ing is through the Peyer's patches, which are a key com- 
ponent in the lymphatic system of the intesnnes. Inves- 
tigators have reported that small microspheres 
MOO nm) prepared from polyOac&de-«Kgiycolide) 
(PLGA) are preferentially taken up into Peyers 
patches"'; this observation may lead to the development 
of orally delivered protein and peptide vaccines. In 
another recent report, investigators have P"P^d 
microspheres fiom polyanhydridcs that exhibited 
strong bioadhesive properties to the mucous lining of 
the intestines". In this study, microspheres were found 
to traverse the intestinal lining and it was shown that 
insulin delivered with these microspheres was systenu- 
cally active in rats. Finally, it has been demonstrated that 
coadministration of hGH with a-amino acids could 
significandy enhance the bioavailability of this protein; 
it has been suggested that a complex formed between 
hGH and the a-amino acid may be responsible for pas- 
sage across the epithelial lining". The mechanism of 
action in this example is unclear, but the observation 
has been repeated with other proteins that have been 
specifically paired with various other a-amino acids. 

Targeting the systemic circulation 

Once administered, many biopharmaceuncals carry 
out their intended pharmacological action in the sys- 
temic circulation. Novel developments in systemic 
administration involve prolonging the action of circu- 
lating proteins. In order to do this, these compounds 
must resist clearance by conventional mechanisms 
including molecular filtration by the kidney (which 
selectively removes smaller molecules from the circu- 
lation in favor of larger molecules) and clearance by the 
reticuloendothelial system (R£S) (which favors clear- 
ance of larger, hydrophobic particles over smaller, more 
hydrophilic ones). Systems that target the systemic cir- 
culation are generally characterized as 'passive' delivery 
systems (i.e. targeting occurs because of the bodys 
natural responses to the physical characteristics of the 
drug or drug-delivery system). 

Many proteins and peptides have been conjugated 
with polyethylene glycol (PEG) (Fig, 1c) in order to 
reduce renal clearance and enhance their systemic cir- 
culation half-lives". PEG-conjugatcd proteins have 
been shown to increase the circulation half-lives of cer- 
tain peptides and proteins greater than 50-fold'- but 
PEGylation often leads to a reduction or alteraoon in 
the biological activity of protein pharmaceuticals, 
owing to steric interference of the conjugated PEG 
with biologically relevant regions of the protein . 
Despite the challenges of producing biologically active 
PEG-protcin conjugates, several PEGylated protein 
pharmaceuticals are currently progressing through clini- 
cal trials (e.g. PEG^-interfeion PEG-G-CSF, 
PEG-interleukin-2. PEG-hemog>obin) and others are 
now commercially available (e.g. PEG-L-asparaginase. 
PEG-adenosine-dcamidase). 

Oegradable polymer microspheres have also been 
designed to maintain the systemic levels of peptides 
such as LHRH' 5 . proteins such as growth hormone 
(GH) and granulocyte-macrophage colony-srimulanng 
factor (CM-CSF) 17 , and vaccines such as staphylococcal 
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c„«psubrion of LHRH in PLGA microspheres". 

Targeting specific tissues or organs 

M^nT tfssues possess specific physical^ chemical 
C £S ,Eh as elected blood flow, selective 
permeability or overall net charge, or per- 
fo m Xir P physiological function under 

SmJSndWons such * low pH These properues 
n^Uen exploited for the development of site- 
specific drug-delivery systems. 



l a tissue. Urge tumors often differ from others* 
heathy tissue in a manner that can be exploded Tor s«e- 
specific drug-deUvery techniques. Researchers have 
^advantage of the fact that tumors often require a . 

vessel formation provides a general target by which 
^gs may be' directed to rapidly 
Sgators have reported the use of "a^Jg"* 
'"„„ r 5,rived vascuhr-endothehal cells (TEC) in 
Sroer toW *«e rapidly developing vessels" 
?S these experiments. anu-TEC anobod.es 
Le been shown to suppress tumor growth signsfi- 
Sndv in that carrie/a fibrosarcoma. The appeal of 
£ch a mSng approach is that, unlike tumor anogens 
Sc\!Zy nocoe' easily accessible -g^g 
bodies), anogens on the surface of TECs are readily 
accessible by intravenous annbody injection. 

^'addition to drug delivery through the lungs for 
sy temic availability, as discussed above, drugs n»y ato 
be targeted to the lungs for the local ^™ e "'°JP"|" 
monarV disorders. One such protein used for local pul- 
™ZZ Aerapy is DNase. which aids paoents withcys- 
£ ^mstTbv cleaving DNA released fam leukocytes 
AaSaTac'umSin the fluid of the lungs; the ab ^ 
^ofmelungstoexpelmisfluidUenhancedan^ 

function improved following this treatment .Consider- 
ate* on DNase was necessary to deliver it by nebur 
Sn for rocaVpulmonary dehvery*. Omer proteins 
indTr irrigation for local delivery to the lungs 
include ^clojorin. interferon and o>l anurrypsin^ 
A^anoAer example of targeting proteins to the lungs. 
a £ZZ deliver system has been developed that tar- 1 
lenuberoxide dLmutase (SOD) to me pulmonary 
fpUhXm? Treatment with SOD prevents tissue 
C to me lungs of parents undergomglong^erm 
oxvaen therapy by removing free oxygen radicals. In 
SKidy. SOD was encapsulated into liposome 
Fft le) prepared from 1 ^-dioleoyl-rn-glycero-S- 
phLhocthanolamine (DOPE). l-oleoyl-2-oleoyl-sn- 
dvcero-3-succinate (DOSG) and surfactant-protein A 
(SP-A); the SP-A was utilized for targeong bposomes 



«o pulmonary epithelial cells, which express a high- 
affinhy SP-A receptor. This formubnon was foynd to 
enhance ceU-associated SOD acuity 
fold in vi«ro. Method, to deliver these and other types 
of liposomes to the lung via aerosol delivery have also 
been under investigation. 

i 

B The delivery of peptides and proteins into the brain 
is particular!? challenging because of the so-caUed 
•blood-brain barrier', which limits die transfer rfsot- 
uble drugs through thebrairHcapiUaryendothehalwaU. 
Attempts to deliver peptides, proteins and other sol- 
uMeZiVtomebrainindudememodsthatbr^^ 
the blood-brain barrier (e.g. leukotrienes and hyper- 
osmolar shock), but the loss of this barrier function may 
allow uncontrolled access of solutes into the brain. The 
direct injection of protein or peptide drugs into the 
brain is also undesirable because diffusion of these mol- 
ecules is generally poor in parenchymal brain tissue. 

Methods of site-specific delivery of peptide and pro- , 
tein drugs into the brain have taken advantage ofa spe- 
cie recTptor-rn«hatco pathway in the U°°<£™ 
barrier: transferrin receptors are abundant on the vas- 
cular endothelium of brain capillaries and these recep- 
tors are internalized by the endothelial ceUs '"'P^ess 
designed to deliver iron to the brain. This allows the 
blood-brain barrier to be bypassed by using transferrin 
or transferrin-receptor antibodies as carrier, i of proteins 
such as antibodies" and neuropeptides". In this 
embodiment, the targeting system (i.e. transfer™ or 
transferrin-receptor antibodies) is conjugated or tused 
by recombinant-DNA methods to protein and peptide 
drugs to produce the drug-targeting system (Fig. Id) 
A number of drug-del. very vectors designed ». cross 
the blood-brain barrier have recendy been reviewed . 



Epithelial cells fining the small intestine proliferate 
npidly and are particularly sensitive to cytotcoac drugs 
such as chemotherapeutics. which target rapidly diving 
cells. Investigators have utilized transforming growth 
factor p, (TGFtP,) to inhibit ^^^^f^ 
proliferation, thereby sparing these celk from the toxic 
effects of chemotherapeutic agents". In this research. 
TGF-B, was trapped within calcium-alginate : micro- 
beads by charge interaction between the TGF-P, 
and the calcium alginate. On exposure to low-pH con- 
ditions (i.e. as found in the stomach) the alginate pre- 
cipitated, causing the beads to shrink and prolong 
the release of TGF-p,. protecting the TGF-P, from the 
harmfiil effects of the low-pH environment. Follow- 
ing passage into the small intestine, the pH increased, 
allowing complete and rapid rekase of the TGF-P,. 
Histological evaluation of rats administered TGh-Pr 
Se beads indicated that the TGF-P, was indeed 
delivered to the intestinal epithelial cells and inhibited 
cell proliferation 24 . 

E The delivery of biopharmaceuticals to the surface of 
the eye is comphcated by the normal processes ofbbnk- 
ing. tearing and drainage from the eye which rapidly 
remove drugs that are administered without a debvery 
ML Epfdermal growth factor (EGF) has been 
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studied as a factor for the treatment of corneal wounds 
Jnd conditions of abnormal corneal-ep.thel.al wound 
reiing The delivery of soluble EGF has been shown 
t Z ^effective in many of these conditions, even a, 

Aownw interact wUh and bind to conjuncnval cells, 
tod* cue. the poly<actylic acid) gels were reamed in 
me e^er a p'eriod o7 8 h and EGF concenn.no« 
in the tear fluid were maintained a 
throughout this period. The rate of eptthehal-ceU heal- 
SZ£ found to increase in a dose-dependent fashion 
when EGF was combined with the poly(acrvuc act* 
geU This example demonstrates the ability to use the 
charge characteristics of me delivery dev.ee to target a 
drug to a tissue of complementary charge. 

"55S E. been applied 1 direcdy to nssues suchas 
the uterine horns with the aid of ""-^"^ST 
gels in an attempt to prevent post-surgical adhesions 
Tissue plasminogen activator (tPA) or urokinase phs- 
tn^ogen acrivat^ (uPA) was coapplied «.* Polyg- 
ene gfrcol) (8000 Da) that had been extended with an 
^ of five lactic-acid residues on each end and for- 
S»pped at each end with a photoreaenve acryhte 
ur£; polymerization of the biodegradable hydrogel 
occurred by exposure of the polymer mixture to ultra- 
violet light following application of the sokmon and 
protein to me uterine horn. Post-surgical >*^»»» 
were significandy inhibited by the combinauon of tPA 
or uPA with the biodegradable hydrogel. 

This example demonstrates prote.ru being cargeted 
by direa appUeation to the tissue with the aid of a poly- 
me? or device designed to hold the protein at the site 
of action. Other examples of this pr.nc.ple include *e 
application of TGF-0, to the surface of oumun .top 
implants coated with hydroxyapadte and mcd 
phosphate to enhance bone growth « a nd th e appU- 
eation of growth factors such as acidic fibroblast growth 
factor (aFGF) directly into topical wounds with the aid 
ofmethylcellulosegels 30 . 



Cell-targeted drug delivery 

Proteins and peptides are often targeted into cci^ 
The specific properties and functions of cells, such as 
me ability of rnacrophages to phagocytose particles 
of a certain size, have been utilized to develop these 

A ^^^^o n of the foreign-body 
response by ingesting foreign bodies and P^"^ or ; 
ei^i antigens to other cells that regulate die immune 
sysTem; consequently, macrophages have been used £ 
deliver antigens or vaccine adjuvants in a « W«c 
manner. In one example, human serum albumin was 
conjugated to the surface ^^^ametert 
microspheres". These microspheres (1 »m ^am«cr) 
were shown to be taken up by macrophages following 
subcutaneous injection into mice, and evaluauon ol 
blood from these animals demonstrated stronganugen- 
specific peripheral-blood monocytic cell (PBMC) 



responses, as well as high antibody titers. It was con- 
cluded that surface-conjugated microspheres could be 
effectively targeted to macrophages without the aid ol 
a vaccine adjuvant to elicit an immune response. 

In a second example, a model protein anogen 
[human y globulin (HGG)] was encapsulated in gelatin 
microspheres crosslinked with glutaraldehyde; these 
microspheres were intended to be taken up by 
macrophages and deliver their contents mtraceUularty. 
Anti-HGG-antibody titers were measured following 
the subcutaneous administration of the microspheres in 
mice, and the production of specific antibodies was 
found to be related to the concentration of the glutar- 
aldehyde crosslinking reagent. At a low glutaraldehyde 
concentration, the microspheres were extensively 
swollen, leading to an increase in the size of hydratcd 
microspheres and a decrease in their macrophage 
phagocytosis; at high glutaraldehyde concentration, the 
release rate of the antigen from the microspheres was 
low. An intermediate gjutaraldehyde concentration was 
thus found to maximize the antibody titer 32 . 

Cells have also been targeted by fusogemc liposomes, 
which fuse with a cell membrane and direct their con- 
tents into the cell. This appUeation may find particular 
application in the delivery of RN A and DNA, but pro- 
tein delivery has also been successfully demonstrated. 
In an early report, fusogemc liposomes were prepared 
fiom phosphatidylcholine, phospharidybenne and cho- 
lesterol in the presence of fragment A of ^phtheria 
toxin (DTA)»; DTA lacks the normal cell-binding 
domain and can exhibit cytotoxicity only when deliv- 
ered intracellular^. The addition of these fusogemc 
DTA-liposomes to cell cultures clearly demonstrated 
cytotoxicity, whereas unencapsulated DTA did not 
indicating that DTA could be successfully administered 
into the cells by the fusogenic liposomes. This concept 
was more recently applied to the treatment of tumors 
in the peritoneal cavity* in which DTA-bposomes 
were shown to kill sarcoma- 160 cells effectively both 
in vitro and in vivo. 

Molecular targets for drug delivery 

Molecular targets provide the most specific form ot 
protein- and peptide-drug targeting In one sense, 
many protein and peptide drugs themselves already tar- 
get a specific receptor or ligand. For example, insulin 
will circulate systemically and cither be cleared from 
the body or bind specifically to an insulin receptor. 
However, there are other examples in which the func- 
tion of a protein or peptide drug is enhanced when it 
can be targeted to a specific site of action. Molecular 
targets provide a means for 'active 1 drug delivery; that 
is die site to which the drug is ultimately delivered 
depends on the molecular specificity of me targeting 
agent rather than the physical characteristics of the drug 
or drug-delivery system. t _ . 

Antibody conjugates and antibody fusion proteins 
have long been touted as potential targeting agents to 
deliver proteins, peptides and other drugs to specific 
sites of action, such as tumors. In one area of investi- 
gation, antibodies against tumor antigens have been 
conjugated to enzymes capable of converting a soluble 
prodrug such as doxorubicin phosphate into an acove 
drug at the site of action" In this technique, the 
antibody is administered prior to the drug so that 
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Table 2. Parameters em 



peered to control Specific delivery of proteins and peptides 



Engineering parameters involved Some examples 



Refs 



Properties of proteins and peptides ^ ^ of cycfe peptides arc mre reacfity transported 



6,13,14 



Molecular weight 



tonic charge 
Molecular specificity 



Properties of delivery systems 
Particle size 

Biodegradability 

Tissue adhesiveness 
Hydrophobicity 

Properties of tissues and cells 
Membrane permeability 



(SSpolynwr binds anionic protein or peptide to anionic tissue. 27 

SX&ors transport proteins and peptides across the 25-25.36.37 

bloodstain tamer; chimeric fusion <j^»* 

ptonnacological activity of proteins and peptides with targeting 

moiety. 

Oegradable microspheres less than 5 pm diameter a« Phagocytosed 5.31 
? macrophages; aerosol particles from I to 5 ^ are targeted to 

SSt^SWes re.ease pro.ans and peptides slo*y. 15-19 

SSfflnfpESSSe adheres to uterine horns. 28 
intracelWarty. 



Permeability enhancers improve the transport of proteins and peptides. 



6 
26 



• ran be cleared from the circulation 

Sr^SSr rf£ d^irnited to .hose *mu 
which the antibody, and thus the enzyme, has bound 

"££X3£-- have beer, constructed from 
mS« ofcwo different functionalities fused together 
«combTnant methods. Immunotmans arean 
Sample of chimeric fusion proteins m which a cyto- 
££? summit, such as Pscuiomona, 
fi °3 ^ a feting molecule, such as transforming 

bound. This particular fusion protein was prepared! for 
£ e treatment of non-smalUdl lung 
overexposes me TGFo receptor on the cdl ante 
Mother example of a chimeric protein used for drug 
uLdng is the fusion of tPA with an annfibrm 
bod>; Ae thrombolytic poteno al of tPA my be 
enhanced by directing the molecule to the site of 
Specifically a fibrin surface, where a Wood dot 

Th^SStf carbohydrates to target cells or tissue 
J* caAohJdnte receptors has also been .nveso^ 
Noubly.measialoglycopmtdnreceptoronhe P a^ 

and the mannose receptor on macrophages W cabc ™f 
«cognize compounds with terminal galactose and 
manfose residues, respectively, and are widdy 
the selective delivery of drug, to these cells"-". In this 
sVKcm. the carbohydrate may be viewed as the target- 
ing molecule, which has been conjugated to a protem 
or peptide drug (Fig. 1c). 



Conclusions and future outlook 

Techniques for site-specific protem- and pepndc- 
dniK delivery must take into consideration the physi- 
cal and chemical characteristics of both the protem to 
be delivered and the site to be targeted. No general- 
ides can be made in this regard. In many instances, a 
svnthedc polymer, device or carrier system is intro- 
duced with the appropriate properties to target a pro- 
«"ntoaspedficsitewidiinmebody.Someofthechar- 

acterisrics of the proteins, peptides or delivery systems 
themselves that have been exploited to influence tar- 
eeong include molecular weight or parocle aze. ionic 
charge, hydrophobicity. membrane or device perme- 
abffiw susceptibility to biodegradation, and molecular 
specifidty. Each of these properties has been success- 
folly utilized to achieve site-sperific detivery of proteins 
and peptides under sperific conditions (Table 2). 

Protein- and pepride-drug-delivery systems are per- 
ceived by marry as second-generation produce 
designed to improve convenience and compliance, 
reduce the dosing frequency or reduce the total dose 
required to achieve the pharmacological effect of an 
established product. For the few drug-dehvery systems 
that are currendy marketed for protein and peptide 
drue delivery, these goals have been achieved success- 
fully In the future, targeted drug-ddivery systems may 
atopiove particularly valuable to enable the use of a 
oarticular drug that would otherwuc be ineffeenve or 
wen toxic if delivered systemicafly [e.g. n eural growth 
ftctors (which need to cross the blood-brain barrier) 
or vaccines (which need to be taken up by antigen- 
resenting celh)l. At the current pace of gene cloning 
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and implemented in the near forure. 
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Some caveats for bioengineering terpenoid 
metabolism in plants 

David McCaskill and Rodney Croteau 

»u h wohK, annealine from a biotechnological viewpoint <s particularly cnai- 



Terpenoids are a chemically diverse family of corn- 
dut are found throughout Nature and are 

of terpenoid biosynthesis is currently very aco 



lone-standing models undergoing fundamental _re- 
'Srion and revision. The f £ 

terpenoids in plants. 
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